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fixed. An analysis 1s made of the invarfants on vhich the v-functions on the masg
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the best choice of independent variants in the case of an arbitrary n-point dia-
gram. The invariant properties of the retarded matrix elements of v-functions
are used. It is shown that on the mass shell the v-functions depend in the :
physical region only on invariant scalar products of h-vectors. Equations in dif- |
ference form are derived first for 3-, 4-, and S-point diagrams, and the special
nature of the boundary conditions at the threshold and at infinity is explained.

The method is then generalized to a 6-point diagram. The equations derived and . .
the prospects for solving them beyond the scope of perturbation theory are briefly
discussed. Orig. art. has: 25 formulas. i
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A long-range balanco of labor resources of the Sverdlovsk Economie
Adninistrative Region, Trudy "ral. politekhSinsti- no,12015-14
61, © (HIRA 1616)
(Sverdlovsk Province—-Labor supply) -
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6629 On the Cherenkov Effect and the Complex ler Effect, A, I, Akhiezer,
G. L. LyubarskiY and Ya, B aInberg, Doklady Akad, Nauk 3,S,S,R. 73, 55-8
(1950) July 1. (In Kussien)

Wave guides with specinlly devised metal partitions can be constructed in which,
even in the absence of dielectrics, the wave phase velocity is maller than c. A
charged particle, moving along such a system with a constant velocity that exceeds
the above phase velocity, generates electromagnetic waves, similer to those produced
by aCherenkov electron in a dielectric, The simple case is examined of linear periodic
structures forming a succession of célls traversed by a particle through holes in the
partitions. A general formula for the intensity of the radiaticn is first derived,
then a special one for the case of a cylindrical wave guide, by using equations of the
complex Doppler effect (Frank, Jzvest, Akad, Nauk $.5.5,R, 6, 2(1942) obtained from
the radiation (tesonance)condition.
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- USSR/Physics - Waveguides FD-2530

Card 1/1 Pub. 153-21/30

Author : Faynberg, Ya. B and Khizhnyak, N, A.

Title ¢ Artifically Anisotropic Media

Periodical : Zhur. Tekh Fiz, 25, 710-719, 1955

Abstract : Mathematical analysis of propagation of electromagnetic waves in
vaveguides containing an anisotropic dielectric is presented.
Equations expressing E-waves in a cylinder with a periodically
varying dielectric are derived and solved. Gratitude for discus-
sions is expressed to A. I. Akhiyezer and K. D. Sinelnikov. Seven
references, 5 foreign.

Institution @

Submitted : June 15, 195k
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A, L.Akifezer and Yo, B, Fainberg, Zhar. Tekh. Fiz. 25

2516-25(1855) Dec, (In Husfan)

The (nveatigation showed that whea & beam of charged

particles, with continuaus velceities above a certatn eritical \
,,, term pass (hrough a ckatn of coupled rescaators, the fluctu-

ztiog chacge denalty and the velocittes expand I the beam

in & wave like shape of increaaing amplitude, The olectrical

{lold algo resembles the expanding waves of {ncreasing am-

plitude, A comnection was estabifshed betweea the waves of

fnereasing smplftude rnd Chorenkav radiatton in d:e;ggm;;(

,or periodic structure. (auth-tr)
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VERKIN, B.I.;uu./'m. A.S.; ROZENTSVEYG, L.N.; FAYNRERG, Ya.B.; KHOPEBVICH,
V.1.; SHELYAREVSKIY, I.N, =

Sections of Bxperimental, Theoretical, and General Physics at the
Department of Physics and latheuatics, 1930-1955, Uch.sap,.KHGU
60:63-79 'S5, (MIBA 10:1)
(Xharkov University--History)
2 (Physics)
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Charge density waves in non-uniformly moving charged p )
boa-f. Uch.sap., KHOU 64 no.6:31.34 '55. (MIRA 10:7)
(Particles, Blementary) (Blectric charge and distridbution)

APPROVED FOR RELEASE: 08/22/2000 CIA-RDP86-00513R000412520009-8"



"APPROVED FOR RELEASE: 08/22/2000 CIA-RDP86-00513R000412520009-8

R AR A ARSI S MRS R AT R ‘xl’lﬁ'@fﬁ!&ﬂ&i&ti{ Ai Lt

PAYNBERG, Ya,B,; XHIZHSYAK, K.A,

\M
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Modllications cf the Linear and cyclical methods,
of acceleration

CERN-Symposium on High Energy Acceleratcrs and Pion
Physics

Geneva 11-23 June 56
1n Branch #5
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Alternating phase focusing and use of ®alasra vaves
Tor accelerating particles

CE:“\U-Syw{mposiwn on High gnergy Accelerators and Flon
Physics

Ceneva 11-23 June 56
1n. Dranch #5

appeared in Huclear Instruments, “o. 1, pp. 21-30, 1957.

APPROVED FOR RELEASE: 08/22/2000 CIA-RDP86-00513R000412520009-8"



"APPROVED FOR RELEASE: 08/22/2000

CIA-RDP86 00513R000412520009 8
= Ammwﬁnmmmmw BRIV BRI RN i 3 S

i T UASHINARE | SN HEERGH AR

i N i

. ~zgs-

T
=~ i

RS of i cict!ﬁ,u B Ny G S
P APPTGRIZALIOG s6ad W Hpeidoike oo mi
Hicatton on freyuen~

[ L SR
e -
-

A

APPROVED FOR RELEASE: 08/22/2000 CIA-RDP86-00513R000412520009-8"



)

"APPROVED FOR RELEASE: 08/22/2000 CIA-RDP86-0

e

513R000412520009-8

SITARE RN TSRS TS F AN RO AT AT AT sk L s - Y R

r— R —
RNV S T

USSR/Electronics - Gas Discherye end Gacs-Discherge iprarctus H-7

Abs Jour : Rof Zhur - Fizike, No 3, 1957, io 7148

Author + Akhiyezor, 4.I., Lyugarekiy, G.Yr., Feynberz, Ye.B.
Title ¢ Contribution te Nenlinerr Theory of Oscillctions in Flasoe

Orig Fub : Uch, zapr, Kher'kovsk. un-te, 1956, 64, 73-80

hbstroct : Owing to tho -iethermaticrl difficulties, oncountered in the
solution of the rigorous nenlincer problen of the caecil-
1ntions in plese, tho ruthors restricted thenselves to the
considergtion of three perticuler ceses. They studied os-
c¢illetions occurring uren intercction of an clectron tee:
with the ples e rt rboolute zero., They considered the cx-
citction of plas e bty en infinite cherged plonc, 4 consider-
cble portion of the work is dovoted to the considerction of
nonlineer oscillctions oxcited in plasita in the ceses of ter-
poreturc other thrn zoro, Vhile in tho first two ceses tho
hydrodynni-ic rrproxi-eticn wes used oxclusively, in tho
latter cose the plrsiin is ropresented by the kinetic equetion,
The results cbtained cre covpored with the results of the
linocr theory.
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FAYNBERG, Ye. B,, AKHYEZER, A. I., LYUBARSKIY, G. Ya.

"Cerenkov Radiation and the Stability of Beams in the Vave Guidés
of Sjow Waves used in linear Accelerators,” paper presented at CERN
Symposium, 1956, appearing in Nuclear Instruments, No. 1, pp. 2130, 1957
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X FAYNBERG, Ya. B.

"he Use of Plasma Waveguides as Acceleration Structures
in Linear Accelerators" paper presented at CERN Symposium, 1956,
appearing in Nuclear Instruments No. 1. pp. 21=30, 1957
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AUTHOR FAYNBERG, Ya,B, KHIZHNYAK, N.A, Y
TITLE “"The Energy Lessss of a Charged Particle at 1its Transitien threugh a

Layer.Shaped Dielectric I
(Peteri energii zaryazhenney chastitsey pri prekhezhdenii cherez sloi-
styy dielektrik, I, Russian)

PERIODICAL Zhurnal Eksperim, i Teeret. Fiziki, 1957, vel 32, Nr 4, pp 883 - 895
) (UoSoSoao)
ABSTRACT Let the particle be in uniferm matien in the layer—shaped dielectric,

The paper under review determines a general expressien for the lesses
when the particle is in metien in a layer-shaped medium and in a wave
guide (charged with a leyer-like dielectric). At the uniferm metien of
4 particle threugh a layer-shaped (periedic with respect te space) me-
dium it is pessible te realize cenditiens under which a ferced para.
metric resenance takes plagce, The Parametric Cherenkev effect then pre.
bably has different characteristic Preperties, In censidering the energy
lesses of the particle in the layer-shaped medium, the authers ef the
Paper under review start eut frem a system of Maxwell equatiens descri.
bing the interactien ef a charged particle in uniferm metien with the
olectremagnetic waves prepagating in this medium, The ansatz fer the
selutien fer the Cempenents ef the electremagnetic field is made in the
ferm of a Feurier's intogrltion,- the ceurse of the cemputatiens is die
Card 1/2 cussed step by step and then the parametric Cherenkev radiatien is in.

CIA-RDP86-00513R000412520009-8"

APPROVED FOR RELEASE: 08/22/2000



"APPROVED FOR RELEASE: 08/22/2000 CIA-RDP86- 00513R000412520009 8

L e T AT ] ST T S PRI R R

L1 hF"#""f“i‘ R I&‘?""I}“"*I"#ﬂﬂ"ii STHIRERARY PR rﬂ"? R DA T ok HAet 3

The Energy Lesses of a Charged Particle at its Trunsitien threugh a
Layer-shaped Dielectric I,

vestigated, If an isetrepical dielectric is decempesed inte layers; the
frequency widens te a frequency band, and in this blné a streng Cheren..
kev radiatien takes place, The energy lesses caused by the radiatien in-
crease and beceme cemparable te the pelarizatien lesses. In the usual
dielectrical; the lesses caused by pelarizatien decrease enly in very
thin layers. (Ne repreductien),

ASSOCIATION Physical-Technelegical Institute, Academy ef Sciences ef the Ukrainiam

SSR.
PRESENTED BY

SUBMITTED 29 April 1956
AVAILABLE Library ef Cengress

Card 2/2
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Beap. X4.: N. V. Pusechnik, Doctor af Prrstes end Mathasatics; Editortal Board:
A, K. Val'ver, Academizian, Axndery of Jctenzes Urraizarays BIR, 0.7, Nezats,
Matheratics, M. ¥. Pasechnll, Doctor of ysics and

-'nwl-r_.gm 2. of Publtabisg Kouse: T, K. Bemmanty; Tech. Kd.:
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;- KHIZHNTAK, NoA. (Enyzhniak, M.A.J; Silenck, G,A,

[Sylenok, Ho.0,); BEREZIN, A.K.} NEXRASHEVICH, A.M.
[l{skrashevych. 0.M.]

de with an artificially anistropic dielectric.

Spiral wave gui b poJich5l Jl-hg 159, (MIRA 13:4)

Part 1. Ukr.fis.zhur.

]
1. Khar'kovskly gosudarstvennyy universitet im.Gor'kogo.

(Vave guides) (Dielectrics)
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h, O.M.]; SILFNOE, G.A.
BEREZIN, A.K.; NEEKRASHEVICH, A.M. [lekralhevy;n&Ax. i S o, vs]

[Sylenck, H.0.); FAYWENRG, Ta.B.; KRIZ

rtificially anisotropic dielectric.

Spiral waye guide with an o 6o-46h J1-Ag 'S59. (MIRA 13:4)

Part 2. Ukr.fiz.zhure. I, no.l:

GOT'kOgo.
! darstvennyy universitet im.
1. Thar ?o':::ir‘ug:::) (Dielectrics)

i = SRR
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Hodu] eavy particles by means

Modulation of linear accelerators o ,6:803-804 N-D '59.
of slow elestrons, Ukr.tiz.zhur. b 10061803 (MIRA 14:10)

- heskiy institut AN USSR,
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PERIODICAL: Atomnays anerglya, 1959, Vol 6, Nr 4, PP 431-446 (USSR)

ABSTRACT : The physical reasons are explained upon which the new method
of linear particle acceleration 1ty of
this acceleration is the fact that

ted electron- or ion beams are
g the dynamic beha

ically 1nvestigated and the Tre-
xions the propagation

for wave i ted with
acceleral of emplifying hign-
frequency © seribved, and the results
to be obtained in th The method is

upon the fact that the electromagent
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The Acceleration of particles in a Plasma SOV/89-6-4-6/27
obtained by this paper

. 1. Vaksler and C. T.
0 of which are Soviet.

A number of rasults
1. Akhiyezer, v
references, 1

a moving plasma.
was discuased with A.

Budker. There are 23
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AUTHOR: Faynberg, Ya. B.
TITLE: The Nonlinear Theory of Slow Waves in the Plasma

(K nelineynoy teorii medlennykh voln v plazme)
PERIODICAL: Atomnaya energiya, 1959, Vol 6, ¥r 4, pp 447 - 452 (USSR)

ABSTRACT: By means of nonlinear methods of approximation the propa-
gation of electromagnetic waves in a narrow plasma wave guide
is dealt with theoretically. The dependence of phase velocity
on amplitudes 1is derived and determined. The prodlen
concerning frequency nultiplication is investigated and an
expression is found for the amplitude of the second harmonic.
The nonlinear effects offer a new possibility of influencing
the phase velocity of waves by amplitude variastion. In this
way it is possible to attain both radial and phase~stability
in the accelerator. This influence makes it possible also %o
modify microwave amplification and -productior. The results
obtained were discussed with K. D. Sineltaiker and A. Is
Akhiyezer. The paper was submitted to the scientific
council of the FTI AN USSR (PTI, AS UkrSSR) in 1956.

There are 6 references, 3 of which are Soviet.

APPROVED FOR RELEASE: 08/22/2000

CIA-RDP86-00513R000412520009-8"



"APPROVED FOR RELEASE: 08/22/2000 CIA-RDP86-00513R000412520009-8

L A A A PR R S QAR RS e ST ———
° BN . Fi _ R

FAYNBERG, Ya.B.; KURILKO, V.I.

[Adiabatic invarients for a plasma in a magnetic field]
Ob adiabaticheskikh variantakh dlia plazmy v magnitnom

Khar! i ziko-tekhn. in-t AN USSR, 1960. 297-
53%35. kov, Finfke * (MIRA 1752)
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Some aspects of particle acceleration in a magne
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FAYNBERG, Ya.B.; KHIZHNYAK, N.A.

" [Discharge density waves in modulated eiictrzn b"“’:‘s]
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the plasma instabilities under review nave been detected experimentally;
(2) their experimentally and theoretically determined fundamental charac=
teristics are in good agreement; (3) the development of instapilities is
always accompanied by oscilleticons and considerable 1oss in the energy of
oriented motion of the bean (n 100 ev/cm per particle for a plasma with

noc-'- 1011); (4) development of ipstabilities also causes 8 considerable '

increase in the anergy of the plasma electrons (10 - 20 kev); (5) the
development of instabilitios is accompanied by congiderable growth in the
jon and electron currents tranasverase %0 the magnetic field. The
following soviet gclentists are mentioned in the article: A. I. AkhiyezeD
Ya. B. Faynbersg (Dokl. AN 535R, b4, 959 (1949); 2Zh- gksperim. 1 seor.<fiz.
21, 1262 (1951)3 V- 1. Veksler (Proceedings Symposium CERN, 1, 80 (1956)) 3
7. L. Ginzburg, I. M. prank (Dokl. AN 5SSR, 54, 699 (1947)). I- A. Che-
renkov (Dokl. AN SSSH, 2, 451 (1934))3 8- I- Vavilov (Dokl. AN SS5R, 24
457 (1934))s 1. Ye, Tamm, I. M. Frank (Dokl. AN SSSR, 14, 107 (1937))

G. V. Gordeyev (zn. eksperim. i teor. fiz. 23, 660 (1952); 27, 19,
(1954))s A A: Vedenov, e P. Velikhov, R. Z. Sagdeyev (Usp. fiz. nauk,
13, 101 (1961))3 A v. Gaponov, @h. eksperim. 1 teor: fiz. 39, 326 (1960) %
M. F. Gorbatenkd (sv. Flaikas plazmy, & Vs Kiyev, Izd-vo AN Tosr, 1961)
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A. V. Gurevich (Zh. eksperin. { teor. fiz. 39, 1297 (1960) )3

A. I. Akhiyezer, G. Ya. Lyuwbarskiy, R. V. Polovin (Zh. eksperim. i teor.
fiz. 40, 963 (1961))3 L. D. Landau, Ye. M. Lifshits (Mekhanika sploshnykh
sred - Mechanics of continuous media, M. Gostekhizdat 1955)

Ya. B. Faynberg, V. I. Kurilko, V. D. Shapiro (zn. teknhn. fiz., 31, 632
(1961)); G. I. Budker (Atomnaya energiya, no. 1, 5 (1956)); 0. G. Zagorod-
nov, Ya. B. Faynberd, B. 1. Ivanov, L. I. Bolotin (2Zh. tekhn. fizZ., 31,
574 (1961))3 I. F. Kharchenko, Ya. B. Faynberg, R. M. Nikolayev,

Ye. A. Kornilov, Ye. I. Lutsenko, N. 5. Pedenko (zh. eksperim. i teor.
fiz. 38, 685 (1960)); A. A, Zaytsev, G. 5. Leonov, L. A. savchenko (2h.
eksperim. 1 teoT. fiz., 36, 1332 (1959)); M. D. Gabovich, L. L. Pesechnik
(zh. eksperim. i teor. fiz., 36, 1024 (1959))3 Ye. V. Bogdanov,

V. Ya. Kislov, 2. S. Chernov %ﬁbdiotekhnika i elektronika, 5, 229 (1960) )3
I. F. Kharchenko, Ya. B. Faynberg, R. M. Nikolayev, Ye. A. Kornilov,

Ye. I. Lutsenko, N. S. pedenko (Zh. tekhn. fiz., 31, 761 (1961)). There
are 6 tables and 79 referencest 52 Soviet and 27 non-Soviet. The four
most recent references to English-language publications read as followsi
L. Spitzer. Phys. Fluids. 3, 659 (1960); P. sturrock. Phys. Rev., M,
1246 (1960); M. Allen, G. Kino. Phys. Rev. Letters, 6, 163, (1961)3
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R. Post, W. Perkins, Phys. Rev. Lett. 6, 85 (1961).°
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0710
24‘ Berezin, A. K« FaxnbergMPBerezina, G. Py

Bolotin, L. 1., Stupak, v. G.

TITLE: Interaction of strong electron beams with plasma

6, 1961, 495 - 491

ated electron beam passing through

PERIODICALS Atomnaya energiya, V- 11, no.

PEXT: The enersy 108ses of & nonmodul
an air plasma were determined. Beam voltage was 26 kev, amperage 8 a,

electron density (7-9)-101°cm' , and pressure in the discharge tube

5-10-4-4010-3mm Hg. The quartz plasma tube, 64 cm in length, was arranged
so that the greater part of the plasma was outisde the focusirg magnetic
fie1d (2000 oe). The electron gun, a LaBg disk 10 mm in diameter, was

perpendicular to the magnetic field and was with voltage pulses of up to
30 kev, a width of 3.5 psec, and repetition frequency of 50 cycles. This
gun was able to produce current pulses of 9 a at the plasma chamber input,
where the focusing field was 1200 oe. In the field-free region amperage

decreased with increasing f1ight path down to 2 - 5 8 due to Coulcmb

“Gard 1/3
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d by a cylindrical cavity

interaction. The plasma density was measurc
imit of measurement

excited with a TMO 0 wave from a klystron. The upper 1

was 4»101ocm'3. its value during the passage of current was determined
from the plasma decay law: n = noexp(-t/T), where 1 is the meaR time for
¢ t=0. The straight line n(t) was drawn

polated toward t=0. Maximum electron

plasma decay and n, the density a

from three measurements and extra
-3, while the value 9'1010cm"5 resulted from shf-
jnterferometric measurements. The electron energy spectrum was recorded
by means of a beam catcher connected to an oscillograph. These spectra
were investigated at the input and eutput of the plasma tube, and for

pressures of 4-10'3 and 3‘10'4 am Hg, for which losses reached 11 and 1%

of the initial energy, respectively. Conclusions: Energy losses increase
with plasma density and with current, and are proportional to the electron
mean free path in the plasma. Calculation of losses due to elastic
collisions between electrons and gas molecules yields ~0.04 ev, and N3 oev
for those due to inelastic colligbns. Coherent interaction, however,

causes losses of 3.2 kev if gelf -modulation of the beam is assumed to reachx

density was 7'101ocm
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i riments. There are 6 figures
e e 128%°°?OagzjzzznZn;ighnﬁzggoiiet. The four reference;h;:'
%nd 1V riferi:ce publications read as followss D. Bohm, E. Gros;éz
e e 3?3’18 1864 (1949); D. Bohm, E. Gross, Phys. Rev.éi%%Ai
%i;sé):?\’l I). \’Ieksler, proc. Symp. CERN, 1, 80 (1956); M. ,
s. Brown, Phys. Rev., 15, 1700 (1949).

SUBMITTED: June 17, 1961
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Frequency multiplication with the aid of plasma col
Zmie. tekh, fiz. 31 no,3:297-300 Mr '61, (MII;A 14:3)
(Plagma (Ionized gases)) (Frequency mulitpliers
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AUTHORS Zagorodnov, 0. G., Faynberg, Ya. B., ivanov, B. I., Us, Vs S¢y

and Bolotin, L. I.

TITLE! Non-linear effects in the propagation of electromagnetic
waves in a plasma waveguide

PERIODICAL:  Zhurnmal tekhnicheskoy fiziki, v. 31, mo. 5, 1961, 574-576

TEXT: An experimental study has been made of non-linear distortions of
sinusoidal electromagnetic waves in a plasma. Non-linearities of this

kind occur when the velooity of the plasma electrons interacting with the

wave becomes comparable to the phase velocity of the waves. The experi- \)[\\
ments were conducted with a oylindriocal plasma column of 1 om diemeter

and 160 om length, produced by a d-o discharge in mercury vapor within a
longitudinal magnetic field. The signals at the input and the output of

the discharge tube were conveyed to a double-beam osoilloscope. The

dependence of the ratio an/a1 (a1 - amplitude of the i-th harmonic) on

the spacing of the iwo spirals exciting and receiving the electromagnetic
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waves (see Fig. 1) shows that a sinusoidal signal undergoes distortion at
a distance of 10 om and acquires & gawtooth shape. Fig. 2 shows a,/84 as

a function of 8, for different amplitudes of the input signal and different

densities of the plasma. It was found further that non-linearities are
also produced by a decrease in plasma density, due to the decreasing phase
velocity of the waves and the growing amplitude of the signal in the
plasma. It is concluded that a ginusoidal signal is distorted by a non-
linear plasma. The sawtooth signal observed at the output undergoes
further distortion with inoreasing non-linearity. There are 4 figures

and 4 references: 2 Soviet-bloc and 2 non-Soviet-bloc.

ASSOCIATION: Fiziko-tekhnioheskiy institut AN USSR Khar'kov (Institute
of Physios and Technology, AS UkrSSR, Khar'kov)

SUBMITTED: July 30, 1960
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4 2)20 (3217 I8, K3P) IR
AUTHORS: Faynberg, Ya. B., Kurilko, V. I., Shap§.ro, v. D. ;
TITLE: The character of instabilities in the interaction between ¢

charged partiocle beams and plasma
PERIODICAL: zhurnal tekhnicheskoy f£iziki, v. 31, no. 6, 1961, 633-639

TEXT: The problem of convective and absolute instabilities is treated by -
the method of L. D. Landau and Ye. M, Lifshits (Mekhanika sploshnykh sred.
GIITL, 1954). In papers by A. I. Akhiyezer, Ya. B. Faynberg (DAN SSSR, 64,
555, 1949; ZhETF, 21, 1262, 1951), D. Bohn, E. Gross (Phys. Rev., 75, 1851,
1949), and G. I. Budker (Atomnaya energiya, 1, 5, 1956), the solution of
equations for small vibrations was formulated in the form

o +) = 4y 2)et(E=ut) (1)

with the criterion of instability for the existence of complex rootis of
the dispersion relation d(kx, w)= 0. The question as to the character of
the ocourring instabilities remains, however, unsolved. According to

Landau and Lifshits, a distinction should be made vetween convective and

card 1/6
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The character of instabilitie
the behavior of the integral

tabilitiess in this oonnection,
+ 00

f exp| - ()t ax  (4)

absolute ins

£ this integral by the method of
for several reasons, is better than that of
112, 1488, 1958), must be carried out for all

for this purpose, the path of
4. The curve ¢ in the

plays the decisive role. The study ©
Landau and 1ifshits, whioh,

P. A. Sturrook (Phys. Reve,
parts oy(k) of ihe dispersion relation;
integration of (4) 1= changed according %o Fig.
p-plane (Fig. 2) with the integral

. -iwt do ' e
J" e 99. (5) R . A

. dk

corresponds to this path of integration.
the examined sheet of the w(k) plane; po

tiong consequently, (5) takes the form

Poinis of type m’: do not lie on

ints of type “”2! meke no contribu- e

e—iv! —3}, (I) 1f t —>0, only

"y dk
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the range W ~L35 remainsj hence,
dw ~ Yy |
Tt = [ w\ ("’ a)] ' '
by a °
g A9 2¢ ! ds S ©
e do T dim| 1h =TT die b
0. _:{T [2‘— dk? ..] ) [i; W .f
[ B t | -y .

All other w(k) are treated in the same way. Then, a cold plasma (density
n ) interacting with a monoenergetic electron beam of density n, and

velocity V ig considered. After introduction of the usual frictional

force mv ffv (v>0), the dispersion relation acquires the form

v e "‘7( A= F=m b (t1)
. Y___kl"_ _ Yoo M, 2 __ 4xet .
X-—:;: = ! 1__—;73 a__;;; 01— ot
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The points to be surrounded arequﬁﬁfminéd by : .
44

Yper =7 92
O -

-~ (IIX

421/2 .( )

+ 14‘“-"\)—’ -

X --1v-————f}-
per \)2
=73

~

, which, together with (6), mi

: +
(Fig. 3). The points xper
bation with time, are meaning

exponential increase of pertur

se V<O the instability
other than zero, the dispersion re
1ifying assumptions reads

1 a
P o
Vy=V4; ane=m; w X =u; uY=kVi.

1ess (type mg);

here and also in the ca
lation with the

At plasma temperatures
usual notation and simp

(1)
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. if BZQ'd <1, one has
in

——-ml
xper = f{1+2ea1/2ei“m+za3/2a1/4e2 [ m=0, 1,2, 3.

- ——

ill_m in
Y - f{a1/4e2 +%B1/2+-322- -;%-4 o 2 } (1v),

per

which again resulis in a convective jnstability. Small vibrations in a
gystem consisting of two oppositely directed beams of charged particles,
are described by the following dispersion relation:

o 2

1 __ 4Am o
G eI T T e (vi1),

where n, o and V1 2 denote the density and velocity of the beams. On the
’ y

assumption that V, =Vo and ng =Ny, 1t can be seen that if ¥ — 00, (4)

increases as

©9%/2) (non-convective case). The instability is also
t

.
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non-convective if n, =1,, v, l"vz-b(v1 +V2), and 6&41. The authors thank

¢. Ya. Lyubarskiy for useful advice. syrovatskiy is mentioned. There are
6 figures and 7 references: 5 soviet-bloc and 2 non-Soviet-bloc. :
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Kornilov, Ye. A., L

Interactio

TITLEs
field

PERIODICAL:

TEXT: The interaction between
has great physical and technical signi
the present study. In & plasma in
interact with both E and H waves.
since the arising wave
periodical in space an
gtands in 8 certain ra
forming by self-modul
plasma, parameter res
wof the longitudinal

d time.
tio to the frequ
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2w,
plasma, and the cyclotron frequenoymB ig given by w= —;— or by
21,  UH
f-vo = -—p—- where L is the periodicity of the wave in the beam, v the
velocity of the beam (p-1,2u¢n.u)o However, 8180 other instabilities may

arise when an electron beam interacts with a plasma. The oxporimontal
arrangement for the present studies provided a 50-ma eleztron beam (5 kev)

to interact with a plasma in & vacuum of 1072 - 10-’um Hg. The magnetic
field strength during the experiment was 2000 gauss. The results showed
that at certain magnetic field strengths the electron beam becomes unstable,
which leads to & widening of the glowing plasma (from 3 to 30 mm) and &
decrease in the beam energy. When the electron beam was pre-modulated on

a frequency fm, instability occurred at four magnetic field strengths

corresponding to the electron-cyclotron frequencies of -;-fm, fm, %fm’ and

¢ 2fm. The width of these unstable ranges was only a few per cent of the
cyclotron frequencye. The h. f. oscillations generated in the unstable zone
Card 2/3 ‘
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in the beam (1800 to 3000 Mc/sec, half-width 30 - 50 Mc/sec) offer the
poasibility of obtaining m:llimeter waves by further increasing the
magnetic field strength. Further results are announced to be given in
4 {ollowing paper. ‘This paper was read a8t the Second Conference oOn
Magnetohydrodynamics, Riga, July 1960. There are 3 figures, and 8 ref-
erences: b6 Soviet-bloc and 2 non-Soviet-bloe.

LSSOCTATION: Fiziko-tekhnicheskiy institut AN USSR Kbar'kov (Institute
of Physics and Technology AS UkrSSR Khar'kov)

SUBMITTED: October 3; 1960 in
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. - AUTHORS . Akhiyeser, A. 1., Paynberg, Ys. B.. . Coe L i
. T — S R
.t TITLEL. " Linear gqcolorntxpn of charged pcrttelol_(iﬂ%roduotory ur@ibl;)
f’"'i;'SO'URCEz " Teoriya i!raschet linojwih uskoriteley; sbornik statey. Eﬂn.i-
v tekhn. ingt. AN USSR. Ed. by T. V. Kukoleva, Mosco¥, .

Gosatomisdat, 1962, 5 ~ 18

TEXT: The developnent of linear accelerators eince 1946 has been promote

_ by the disadvantages of cyclic accelerators, vis., large magnets, large -

: radiative losses in high-energy electron acceleration, low amperage of the -
particle beam. The magnetic systems of linear sccelerators need not be .

large. Such accelerators ensure continuous .operation and high phase A

i stability; also they furnish such heavier currents than oyecliec accelerators. - t

', They produce almost no radiation, and can be extended by adding on sections. .

* Hitherto it has not been possible to comdbine redial stability with phase -
stability, but even without special focusing this will be rendered poseidble > ' -
in plasma wave guides. The highest electron ehergies achieved using linear
acoelerators sre ~ 660 Mev. Linear proton accelerators of ¥50 to 0100 Mev -

U caratf2 ... . e

R i
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' 'Linear acceleration of... o ~ B125/B102 A ‘_
.. - . . ’ J . £ v : - . : ’ ".
and linear ion accelerators serve as injectors for cyclic accelerators. .
Linear acceleration up to several Bev is thought possibdle. Self-stabilizas - o7

tion of phase allows of accelerating many injected particles. The following & -
types of linear accelerators now existi (1) periodic etructures of wave- - v
guide accelerators with perforated metal discs wre at present the nost SR
_ effective accelerators where phase velocities are extremely high ('ph-’o)‘ J
PRI B
=
o

These are ineffective for lov phase velocities (v“/cdo.} to 0.5). (2) L

When filled with anisotro jc dielectrics, waveguides ocan also be used for
low phase veloocities. (3) Periodic structures with drive tubes -spaced - -
along the axis are very efficient for oo 0.3 to 0.4. Disadvantages becoss

manifest if the length of these sccelerators or the phase velocity s .in- * AR
oreased. Small local changes in the parameters of an individusl element N
affect the field strength considerably, because of the strong coupling Y
between the individual cleaents. (4) Slow waves can be produced using - (. -
helical waveguides. ) v IR T \

O

»

;-
i

\_card 2/2 . 4 e

e

APPRO :
VED FOR RELEASE: 08/22/2000 CIA-RDP86-00513R000412520009-8"

BRI



"A .
; ROVED FOR RELEASE: 08/22/2000 CIA-RDP86-00513R000412520009-8

B T T SR SR TR e A FEFRTIIL
A \r%mﬂfrlﬁ';?!!}& 'i;k:"ﬁ?;f«?i.f‘s‘.

| g

. N . Do -:,"
o . ATy S AR
a 8/861/62/000/000/002/022 | - Al
oy (130 B125/3102 S o
‘ .: ' ", Lh '
AUTHOR: Faynbers, Ya. B. . ; ;} e .‘
TITLE: The dynamice of charged partiocles in a linear truveling-nvi i

_ : accelerator ' ) , ' v “;

’ - \ . . . . Y (x,f.:':' } ' 3
' SOURCEs Teoriya 1 raschet linmeynykh uskoriteley, sbornik at‘atey. rh_.-‘_,f“
L tekhn. inst. AN USSR. Ed. by T. V. Kukoleva. Moscovw, st

Gosatomizdat, 1962, 19 - 37 : ) E
‘ - TEXTs ‘The radial and phuo'atubility ip the acceleration of particles

) by the field of & -1o-(v¢. <c)traveling wave (super-

position of E wavese and H waves) in linear sccelerators is investigated by o
integrating the equation of motion for the particles.. - The present results.
are valid also for the acceleration of electrons to low energies or in weak

2V1.92 + (./c)ﬂ -e9 yiiold- the equations or

\~ e "

(especially protons

fields. The Lagrahgian L = -mc
longitudinal and radial motions

A "
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:‘,'}--;/"I"-i:-;z‘=%—emacow.'('—n:)'r-'-f - e
__:mm};l/'l——:_ﬂ-f[l_(_,._).l; ’. i | ,7( .
A , (11). o
T ~'

: . r-0;.
where the Bessel functions are replaced by their limits for k1 3 .
1, I,.(k r) =k r/2. v, is the phase velocity of the wave, |
IO(k1r)_’ e o (u)z/tz) - (wz/cz). y, is the synchronous phase
freq“ncy’.ki . m/v¢’ k1 ) \ or rticle, the wave
and E_ is the acoelerating field strength. For apmoving ps t, p P (1)}
' - ]
fieldohan the phase q(t,:) -t - m\ds/vb(z). E, qu(!:‘:')‘up[&a: X :;o A
for the adiaba
holds when the criterion dv¢/ds¢mxo(k1r)/k‘r11(k‘g) 8¢ Ai

Card .2'/4 ;

pe g e eemeas

APPROVED FOR RELEASE: 08/22/2000 CIA-RDP86-00513R000412520009-8"



,j.‘ |

1

: lI..

APPROVED FOR RELEASE: 08/22/2000 CIA-RDP86 00513R000412520009 8

s —————— Bk B A S0 A i 0 L Vo A ATt B iR

- S hpig iy

o 8/664 62/000/000/002/022 T
The dynamics of charged... B125 B102 ool

4

slow) variation of the phase velooity is fulfilied. Aocording to (10) emd’ .
11), the radial dotocuaing forces can be diminished by the longitudiul 2]
mgnetio field of the wave. In the nonrelativistio case,

vy(2) = v,(z,). ’00 = i:g'-. ’ . (16s)

3
P
1

# PR
Y .
»!

.

|
i

I
¥
‘ i ] 4
holds for the phase motion when the adiabaticity condition is fulfillod. L
The ocondition of phase stability is 0<y, <n/2. Tho phase oaoillntionl are’
: |

l

given by ‘ _
| IR U N ET R

when the WKB method can be applied. In the reluiivistic case

‘ln x(m r(O) 1.0 cos¥ya |2
‘ ""'] WO L Tl ral) [cos ”] °°‘“Q‘“+“]

- i

b

holds for small phase deviations. The veloolty iprud ie ~(1 p )5/4 if tho‘l A
', WKB method can be applied. In the extremely rolativiouo case, linear '

' cera 3/4 .
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accelerators can operate without phase stability..‘ The radial notion‘ in
linear acoelerators is given by 5

- fjnwm.

A B ; nent.
The electric field has an accelerating component Bz and a radial compo " \\.;
E Even synchronous particles ocan be defocused in linear accelerators.
. ; . e stability.
The oondition for radial focusing is (ﬂeso/nﬁ.k)oonw. <0. Phas _ _

cannot be attained simultaneously with' radial stability '1thogt spegill
foousing. The present paper was written in 1947. \
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H AWBORS. SinCI‘niKOV. K. Dn' 283_!1\!02‘5. Ya. Bc, z.’dlita' P. M. - N . ,,
. TITLE: ‘ A possible modification of the linear and cyclic 'ilethodh of
~ acceleration’ . o ' - e
SOURCE1 Teoriya 1 raschet nn,ey.nykh uskoriteley, sbornik statey. Fis.=. S
tekhn. inst. AN USGR. Ed. by T. V. Kukoleva. I(oac'ou. . f.
Gosatomizdat, 1962, 109 = 113 °~ '- ‘ {

~ . pEXTs - A type of accelerator combining the advantages of cyclic and linear

~ accelerators is discuseed. It is a linear acoelerator pent to a nonclosed
“ring or another non-closed curve. The accelerated particles are kept-in-.i o

~their trajectories of oonstant or variable radius by 8 magnetic field. - L

"~ Radial and axial stability is attained in the .way customary for oyclic - Do

accelerators. Fhase stability can be achieved using the dependence of the .- .. ...
n ‘revolution period of the acoelerated particles on their frequency. High. ) '
.. gnergies can be isttained in systems of large radius and comparatively. :
. ° poderate field strength (~ 1 kgauss for 1 Bev). The condition of phase - . .

"\ stability is 9: - .vwguzk/e. ‘where S% is the frequency of the phase ‘
E_"Card‘l/} ) . . o IR
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oscillations and K is the number of the periods of the linear accelerator.

‘The frequency of the generator oan be kept constant by varying the

structural period of the linear accelerator. The advantages of such

.. accelerators are simplicity of injecting and extracting particles, con=
. giderable increase of the beam ourrent, constancy of the generator {frequency

and of the magnetic field strength. The energy gained per rpvolution‘is of .
the same order of magnitude as the total energy. 'The pagnetic field is a

" -function.of radius and angle. When the quasistatiomripy condition

'  §2§/&§<<1 {s fulfilled and when the magnetio field strength and the number N -/
" of the periods of the accelerating system va_ryhaloyly. 0= ﬁwa is the con= \/

. ' dition of synchronism between particle and wave. The generator frequencyy -
‘' therefore, is significantly higher than the. Tevolution frequency of the
“particle. The radial deviations Ar, for ‘radial-phase oscillations and br,

for free radial oscillations can be diminiahed»aignuioanuy to Ar1 - 16 cm
and Ar, = 1-5 om. Rather large variations inm somentum and in aaplitude of

"\ the phase oscillations then correspond to small radial variations. Near the

end of acceleration, the amplitude of the radial oscillations decreases by’

i__c;:a 2/3 , I
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several times boo;uno of tho considerable inorease in magne . e
-trength after one rovolution. '\;h“ paper was 'ritton in 1955. | R
:3. " ’P; | )
% R % i :
| i | ' o
;:i
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AT B125/B102
{ AUTHORSs - Akhiyeser, A. I., Lyubarskiy, G. Ya., Pargazanik, L. Ees
: . Faynberg, Ya. B. , ;
N e L
TITLEs Prebunching and dynamics of a proton dunch in s linear -
accelerator , . . :
SQURCE: Teoriya i raschet lin;ynykh uekorftoley; sbornik statey. Fis.-’
tekhn. inst. AN USSR. Eds by T% V. Kukoleva. Moscow, Dol
Gosatomizdat, 1962, 114 - 130 E 'i},;
TEXTs It is shown that a linear sccelerator osn have a lovw 1njection~onq}gy-r .

of ~0.5 Mev whilst furnishing large currents of ~10 to 50 msa. When the - SR
mean accelerating field strength is 20 kv/cm a focusing magnetic field of = |’
15,000 oe is needed in the initial part of the accelerator. This-focusing = -
field becomes rapidly weaker with increasing particle energy. The efficien-
cy of ion capture is increased by i:(lystron bunching. When particles in a
. bunch that was originally homogeneous in velocity and density pass along &
. gegment unde ennf field, and immediately afterwards through a field-free )
drive segment, they are accelerated at different rates and form bunches of .
charge density. The presccelerated particles must enter the accelerator at
Card 1/3 . C ‘ . 3
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constant when the gap.between the drive tubes is varied, and it increases a

1
B
.,. siderably better than short wide tubes. According to.experimental studies t, ‘z
i
!
" . slightly when the outer diameter of the drive tubes is inoreased. The ;

Card 2/3
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the foous x1 - vo/aw. ‘a = eU/mvg. U sin @t is the modulated voltage

applied to the acceleration segment, 1 the instant when the particle enters
the segment, and Vv, the initial velooity of the particle in the bunch. The

greater the angular width of the group of partjcles, the tighter the bunch
is pinched on {lystron bunching. If Avo is the initial velocity spread,

then the phase range covered after bunching by particles entering the bunoher ‘
with a velooity of v, + Avo in the phase range Zq;o is . P ; K ,‘I:_
4§ - 2y, - (sinwo/\\)q)(‘l - nv/vo)). The effective accelerating field on ‘7l/
the accelerator axis oan be undesirably attenuated by unequal attenuations 4
of the fields on the axis and on the periphery of the gaps and also by & ' .
shift of the field into the drive tube. Long narrow tubes screen con- :

in the Inatitut'khimichaskéy fiziki AN SSSR (Institute of Chemical Physics
AS USSR), the mean value of the electric field strength on the axis remains . -

problem of multiple gaps cannot be solved from the data available at present,
The. decreases in the depth of the potential well and in the angle of

3
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incidence, induced by space ch

‘L ' of an ellipsoidal Bxunch with slowly changing dime
., corresponds to the‘synchronous particle phase ¢ = P’

- foousing magnetioc field reads

" Q the frequency -of the radial osoill

" "injection
“ 5.9 koe.
the bunch, and a = 2.2¢1072 for the mo
obtained. There are 9 figures. ..

. Card 3/3"
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wa 2%¢/A 1s the frequency of the r-f field,
ations. «The magnetic fields needed for
energies of 0.5, 18.75, 145 and 350 Mev are 14.5, 7.6, 6.2 and
The values Ap/p « 2% for the initial relative velocity spread in. -
dulation faotor of--the bunchér are
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arge, are calculated on the basis of the model " .

neions. Stable equilibrium
- In that qodol' the - ...

L (%)’%’,;ﬂ;’%p«%)’-P4n117—25.n¢,-+_ (4.'1)'. NENRNY
T ' o _{,__Esél_(_z_)z“_,_k)}', | :\f

21 the length of the bunch and

'
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A e | pizs/proz AR A
: AUTHORS:. Akhiyeger, A. I., Lyubarskiy, G. Ya., Faynberg, Ya. B. Voo
. v . i
: . TITLE: Electron counterflow focusing in a proton accelerator - »
"'_ ;SOURCEs Teoriya:i raschet lineynykh uskoritéley; sbornik statey. Fil..-.

T tekhn., inst. AN USSR. Ed. by T. V. Kukoleva. Moscow,
. Gosatomizdat, 1962, 131 =146 - : '

. TEXTs A theory is developed on counterflow focusing of a proton bunch -

-+ (Nature, 168, 762, 1951). Radial focusing is achieved by the electrostatic fL
field of the electron beam, which has to be stronger than the defocusing : oo
r-f field. Purthermore, the scattering of the eléctrons from the background

gas is studied, taking space charge into apcount. The ninimun amperage of

the bunch is J_, = (1/2)(vE/F).)ain9’. v is the electron velocity averaged

over the period of the r-f oscillations, P the synchronous phase, cf thg

i proton velocity, end>)x the wavelength of the r-f field. The h-f field of 3
the accelerator is taken to be a traveling wave qf' amplitude Eo' frequency .

w and wave vector k(z). The canonical variables Q and P are introduceds
Card 1/}
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. af 2u af WP 2u '
Q-3 (av -t), p= == = T vhere f = Pm(—-—w - t). Then | o
. ° - ° A4S '
B 1 P an, do . -
e | = . . L.
— M=\ T o (1.15), . S

or 4y oH .

if H, = H + 33 and 2= "0_17'631 is the dmnge of H, during a period during which ;

Q changes by 2%, u = (1 + az) /2, a= 2eEcoqu/Kv§>O. and \A is the L
1nje_ction velocity of the protons. When E « 18 kv/om, AP 3.3'10'2c, '
Pq = 20° and A= 150 cm, H, increases nearly linearly with H,. The larger g
B, the larger H,. AH1/H1:£10'2 holds in the initial stage of the motion of ﬁf“

the electron. The greater the velocity of the electrons in the bunch, the
greater must be the density of the electron bunch needed for focusing.2 The -
total amperages under the present conditions at injection energies (nc .(5-1)) '
of 1, 10, 50, 70 and 90 kev are 3.5, 1.9, 1.2, 1.06 and 0.7 a. N
S. Chandrasekhar's methods give ' '

i, Card 2/3
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. ot )
EF= 'h\llel g( [‘bz('._t)-]-\p;(t—-l)] 5 é—;;::;d f (3.1)) : ’ , 28
! S
for the mean square deviation of the electrons from the acoelerator axis. A

XN is the nuamber of gas atoms per cm), Z the nuclear charge and - ‘ﬁ;f QF'

& e

8y = 0.53%°10 =3 cm. For: 8;2'<10 cm, the hagnetic field must be greater

_ Card 3/3

than 645 gauss. The effect of collisions on bunch broadening is oompletely |
compensated by increasing the magnetic field by 10 to 20 gauss. The ; i
significant divergence of the bunch as a result of space-charge repulsion e }
is not impeded by this slight increase in field strength. This paper was.} ;uf
written in 1953. There are 1 figure and 4 tables. bR i

.
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. AUTHOR: Faynberg. Ya. B.
' PITLE: ) The possibility ‘of simultaneous radial and phase. stability in

a linear accelerator without special foocusing devices

SOURCEs Teoriya 1 raachet lineynykh uskoriteley; sbornik statey. Fiz.- ‘
: tekhn. inst. AN US "Ed. by T. V. Kukolev;. uoscow, . _,;__"
e . Gosatomizdat, 1962, 16f - 173 - . .

TEXTs - The paper deals with achieving simultaneous radial and phase o f
'stability by generalizing the method of ‘focusing that employs alternating
.foousing and defocusing lensea to cover longitudinal and phase focusing. !

In a linear acoelerator, simultaneous radial and phase stability is impos=

eible without additional foousing devices when lQ | €1 and the signs of’

S? andQ are fj.xed. 53 andS?. are ‘the frequenoiea of the radial and longi-

. tudinal r-f oaoillationa. 'I'ho radial d lon itudiml motions in traveling-
wave accelerators are described by (q + fiti +q=0 (14) and
f(t)r/z = 0. (15), with

card 1/3
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.I(l)aﬂzc.%cos {m(f——-! U::,)'b)}:‘ ’ (12)

4 L
s Riainte SUDERE (13)- J .

-

and

These two equations can be stable simultaneously. Whenrthe synchronous
phase oscillates harmonically with a frequency R, where 5 is smaller than’
‘the frequency of the r-f field, 534) and (15) go over into twy Mathieu
equations, and thence, with A = §{¢ & -2mqE /)mp (z ), Rt = 27 and

5{?/512 « 2P, into the canonical uathieu equation (d y/dt ) + 2Pc0321y =0
(24). When P is small, simultaneous stability of the longitudinal and

radial motions is possible. The frequenoies SP NﬁQ /S? and J? m(1/r)92/52

increase with the number n of r-f field perioda during one oacillation of
the secondary phase., "They differ tut little from the corresponding frequen-
cies on foousing by foils or grids. n can be 80 chosen that the frequencies
of the phase oscillations and the radial oscillations are sufficiently

' Card 2/3 Rl
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large. For acoelerators having an axially symmetrical field of any shape,

i.e. no space charges, the basic problem once more comes down to ensuring

the existence of two stable domains for ‘the solutions of § + f(t)q =« 0 (28)

and ¥ - (£(t)/2)r = 0, where £(t) is a periodic function. When Pdt « 0,
o

where P(t) is periodic (period w),.there are always stable solutions to

equations of the type dzy/dtz » P(t)y. When the periodicity p of the solu- -
tion is small, the period Q! of the stable oscillations is proportional to,/l.,. e
and the domain of the stable solutions is independent of the sign of L. . ‘//
This is precisely the reason why the radial motion and the phase motion can

. be stable simultaneously. The frequency is greatest when P(t) is a sine

i function. The work discussed here is useful in dealing with accelerators of

high field strength, but demands that the parameters be strictly adhered to..

The paper was written in 1953. There is 1 figure. : i

Card 3/3
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f’ AUTHORS s Selivanov, N. P., Faynberg, Ya. B. ' .
TITLE: The possibility of ;uning traveling-wave linear accelerators »'.to
accelerate heavy particles \ L ‘.
SOURCE:s Teoriya i raschet lineynykh uskoriteley; sbornik ‘statey. I-‘iz.'-': ,

tekhn. inst. AN USSR. Ed. by T. V. Kukoleva. Moscow, o
Gosatomizdat, 1962, 174 - 185 -

accelerators are estimsted by comparing the specific losses in rf power.
A comparatively long time ’1‘0460 pv8ec elapses before the stationary state

has become established, and this prevents the use of magnetrons or flystrons
for supplying traveling-wave accelerators. Break-down phenomena between the
drive tubes precludes increasing the mean accelerating field or shortening
the accelerator. Traveling-wave waveguides containing metal discs are cal-.
. culated using the approximation method of V. V. Vladimirskiy ("zh. tekhn.
fiz%, 17, 1269 (1947)) and W. J. Hansen (Appl. Phys., 20, 280 (1949))s 1In
Hansen's dispersion equation . : ]

. Card 1/3

TEXT: The efficiencies of standing-wave and traveling-wave linear proton f 3
-
|

ARSI et 6 PR R T o 1o S PO v AR e S

APPROVED FOR RELEASE: 08/22/2000 CIA-RDP86-00513R000412520009-8"



"APPROVED FOR RELEASE: 08/22/2000 CIA- RDP86 00513R000412520009 8

LS ALS AL R M!%m&rmﬁ%i}& G AR P ’(It-
B - e -

TR R S SR R TR

s/861/62/000/000/012/022

The possibility of using... B125/B102 :
I Jy(ka) . Ji(ka) N (kb)— N, (ka) S, (kE) T
R0 Jg(Ra) ™~ Ra{dy (ka) Ny (R6)— Ny (R0) Jy (k) (3)» -

J, I and N are Bessel and Neumann functions, and kb = 2nbﬁk or ka = 2naﬁK S
are the relative radii of the waveguide or of the disc aperture. b and a Jf,
are the corresponding absolute radii. The phase velocity of the wave in-
creases continuously along the accelerator. Even when the most effective
focusing methods available are used, the radius of the proton bunch remains
smaller than a. For small phase velocities, the increase in efficiency due

to the decrease in b is compensated by increased attenuation of the field in

the accelerator. For optimum design of the accelerator, all its parameters
have to_be properly chosen to render the correspondence complete. When weak
accelerating fielas are used, the losses in the initial part of a traveling-
wave linear proton accelerator are advantageously small. At final energies

of 1000 Mev, however; they are about 1.5 times as large as those in standing-
wave acoelerators. New methods of focusing that are more effective will
invert this ratio. Since stronger accelerating fié¢lds can be used, a _
smaller value can be chosen for the total length of a traveling wave proton

_ Card 2/3
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accelerator than tor that of a standing wave accelerator. This advantage {s '
la rgely compensated by the absence of a suffioient}ly effective method for b
.decelerating the traveling wave. More effective foousing methods, employing < !
waveguides of 10 om wavelength, will furnish proton bunches a few millie . R
meters in radius; this will considerably increase the effiociency of the '

traveling wave linear proton accelerator. This paper was wrif.te.n in 1949,
There are 6 figures. : ,
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. AUTHORS s Selivartov, N. Po' Fnynberg, Ye, Bnp St.plﬂOV, K. No, ‘ . A “ I
' ’ Khizhnyﬂk. K. A. ‘ A ' ‘ ’ J’ . -
 PITLEs Choosing the best variant of a linear proton accelerator ,: ,
SOURCE: Teoriya i raschet linqyﬁykh uskoriteley, sbornik ‘statey. Pi'z_.-";_‘

.ijCard 1/4

" independent, AX '+ k2K - divK.grad(ln k

tekhn., inst. AN USSR. Ed. by. T« V. Kukoleva. Moscow,
Gosatomizdat, 196_2, 186 - 202 - - '

"TEXT: Two theories are studied: that of waveguides with dielectric discs = v . _ :

fitted inside, used to ‘acoelerate protons to high energies, and that of

.radial focusing using alternate focusing and°defocusing lenses. When the .~

dielectric constant & = £(x,y,2) and t)zme conductivity o = o(x,y,z) are time-
) = =(4x/c)} holds, where - oo

; k2 - 1p(ee + 4%0fc?, w denoting the frequency and J the current demsity. - -
“-- In the case of an axisymmetric field and zero current the product A(r,z) ’ o

- R(r)z(z) is formulated eo as to obtain the qomponents of electric and
magnetic field strengths: . v :

APPROVED FOR RELEASE: 08/22/2000 CIA-RDP86-00513R000412520009-8"
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Choosing the best variant of... . B125/B102 <

E, = EyJq(mr)eltwi-ha), . =) ,

o 1Eok . a4 b) (wt—h2). o .

Br= s g e iy et (12). . 4
ae -4 3 (c) : S . . e

l’l:'%’—m ) . L .
= /(@t~by2) :

Ho= a--b 'I;’._(."_‘.)' dy(mr)eltet=ha), <

ae b 3 ¢ C _ . ’

- The boundary conditions

L LAl _1eay -
A lr—x'—o = A lt-t.-i'o! _[(T o1 peei 0 - }—“. 9 1-3‘10' (2)

' : : S | '
take account of the jump-like change in the properties of the medium at
z = 2,. The formulas (12) agree with the known expressions for the compo~

nents of an electromagnetic field in a waveguide containing an anisotropic
dielectric, if the following condition is observed: The discs made of a

. homogeneous isotropic dielectric, that are fitted inside the waveguide, must
be equivalent to an anisotropic dielectric having the effective &£ components

| card 2/4 , L
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Choosing the beast variant of... ‘ _ B125/B102 , Co

R (a+eb)/(a+b), &, = (a+b)e/(a¢+b). The mean phase velocity in a wave- S

_guide containing discs .is smaller than that in an empty waveguide; it 48 '
greater than that in one containing a dielectric. The attenuat}gn of the
fields due to the infinite conductivity is proportional to e~ ’ whére

. . .

. foo
a . mit et—1|

. L ~l : -. _ * |- i ' . . . ‘ .
I SRR afd of e (13) - Nz
Y=’T}‘M Y ine - ')(a+b¢) l/ a+-be o : ;.‘f\ .

latble o e

. G , Q-
and m = 2.405/}1. The power losses per unit length from a waveguide contain<
ing dielectric discs amount to D, - (1-e"f)S=:4'XS. When the structural '

period remains constant, the phase velocity of a wave in a waveguide fitted
with dieleotric discs is varied by changing the.telative thickness m = a/bgy
of the discs. Linear accelerators with alternately arranged magnetic lenses
possess regions of stable motion in the y and z directions corresponding to
certain values of magnetic field gradient and lens length. The stability
condition of the motion in such traveling-wave accelerators reads

P . . :;If cosq, a;4-ay '=2mnﬂlo: - '
i Card 3/4 ) H' == ﬂlhﬂ; Ry n l . —_—egcm‘,.m(él a). (25)
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where 1 is the length of the lens. Proceeding from the equation of motion
of a standing wave accelerator with drive tubes when there are six magnet io

lenses per period, the condition obtained for the region of stable particle
motion is given by i

; .
i
!

mﬁho, oo
y—‘ggé—]/’:‘_—%—. ’ (41)0

t-—:L l/hcf cos gy

There are 2 figures é;nd 3 tabl‘ee.
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AUTHORS 3 Faynberg, Ya., B., Selivanov, N. P.
— .

. TITLE: Investigating the initial part of a linear electron accelerator

SOURCE: Teoriya i raschet lineynykh uskoriteley, sbornik statey. Fiz.-
' tekhn., inst. AN USSR. Ed. by T. V. Kukoleva. Moscow, .
Gosatomizdat, 1962, 211 -~ 2}0

waveguide fitted with metal disce. When the entrance field strengths are
not too high, e.g. eE /\ = 180 kev, and #>0. 5, the phase oscillations cal-

culated by the quasi-clasaical approximation method are correct. The phase
stability deteriorates in an attenuating field, and is improved by an in-
creasing field. The amplitudes and frequencies of the phase oscillations
derived by numerical integration of the equation of motion for the partidle
agree tolerably well with those calculated in quasi-classical approximation,
The numerical results imply a constant waveguide radius in the initial part
of the accelerator. The effect of the space charge on the phase velooity .
of the wave 18 emall anyway if the currents are large; it becomes even

Card 1/2

. PEXT: The accelerating system of this linear accelerator consists of a 7, JL
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smaller when the relativistic correction is taken into account. The r-f
energy absorbed in the accelerated bunch can be disregarded in accelerators
of low amperage, For accelerators of "large amperage, the energy conservae
tion equation (94/3t) + D + Dy = 0 is used to determine the change in the

accelerating field strength due to absorption of energy in the bunch, and ‘
hence the maximum duration of the accelerated particle pulse for which the
condition for particle acceleration ia fulfilled. W is the power supply of
the accelerator, D the losses in the walls, and D1 the power absorbed by _

the bunch., The flux of accelerated particles can be very large when the
pulses are short, The longitudinal and transverse electric fields set up.

by ellipsoidal electron bunches of uniform denaity are considerably weaker .
than the accelerating r-f field. Nevertheless, the bunches can greatly

affect some of the electrodynamical parameters of the syatem. This paper -

was written in 1952. ‘There are 9 figures and 8 tables,

t
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TITLE: Calculation of a linear electron accelerator’for 4 Wev

SOURCE: Teoriya 1 raschet lineynykh uskoriteley, sbornik statey. m.-

tekhn. inst. AN USSR. Ed. by T. V. Kukoleva, Ioacow. )
Gosatomizdat, 1962, 231 - 242 ‘

discs (as suggested by V. V. Vliadimirskiy) is caloulated with the
Walkinshow-Brillouin (J. Appl. Phys., 20, 634 (1949)) method which ensures '
high accuracy in determining the phase -velogity of the waye and the frequen- T
oy of the system. The dispersion relation, - actually a determinant with an/
infinite number of rows and lines, need not have more than three rows in

order to give suffioiently acourate results. It is derived using the com=
tinuity of the tangential components of the electric and of the magnetic.
fields and solved by graphical means. Leaving the ratio of thickness 1 -

of the disks to wavelength A unchanged, the solution also remains unchanged.

It can be used then to calculate the inner radii a of the annular dieks for

any fr;quenoy . The spacing between the diooa/&a then determined by suc-
Card 1/2 ' -

" TEXT: A travelling n/2-wave linear accelerator segmented by annular metal f
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cessive approximation for a given h-f power flux So at the input of the

accelerator, taking the loss in power -into account. The initial 0,7-Mev-.
section of a 4-Mev linear accelerator was calculated, constructed, and o
tested at the Fiziko-tekhnicheskiy institut AN USSR (Physicotechnical .
Institute AS UkrSSR)., For A = 10.6493 cm, the outer radius of the disks
(wave guide) b = 4,491, and 1 = 0.398 cm, the results were as follows, '
The distances between the single discs had to increase from 13.62 mm to -
23.94 mm between the first and the 44th disc and the infer diameters 2a in
oreased from 31.26 mm to 39.36 mm. Experimental and calculated data were '
in good agreement, so the entire 4-Kev accelerator was completed after cal=-
culations with the same method, Results were very good. The present work
was composed in 1953, There are 5 figures and 5 tables. P

- Card 2/2
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AUTHORS Akhiyezer, A. I., Faynberg, Ya. B,, Selivanov, N. P., .
) Stepanov, K. N., Pakhomov, V. I., Kovalev, 0. V., Khizhnyak, :
N. A., 'Gorbatenko, M. F., Bar'yakhtan, V. G., Shanshanov, A. A. \

Ay .

TITLE: Linear electron acceleratorafor high energies
SOURCE: Teoriya i raschet lineynykh uskoriteley, sbornik statey. Fizy=
tekhn. inst. AN USSR. Ed. by T. V. Kukoleva. Moscow, .
. Gosatomizdat, 1962, 243 - 309 o ‘7£
TﬁXTx This paper, finished in 1955, is a voluminous report on the most ' ff

important results obtained at the Fiziko-tekhnicheskiy institut AN USSR i
(Physicotechnical Institute AS UkrSSR) between 1948 and 1955 as to the -
proper choice of an accelerating system and its optimum parameters as well
as on the dynamics of the electrons inside the accelerator. One of the most
efficient systems is the n/2 traveling wave type accelerator segmented by
annular metal disks (designed by V. V. Vladimirskiy). The calculation of
guch a waveguide with the Walkinshow-Brillouin method (J. Appl. Phys., 20,
634 (1949)) is demonstrated. The radial motion of the electrons. in a Bev-
aooele;ator under the aotion of terrestrial magnetism and gravity should be
Card 1/2
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compensated by the combined magnetic fields of reoctilinear currents and a
small number of electromagnets. 1In such a case, detectors are necessary
indicating the displacement of the beam by the fields of the correcting e, Ly
magnets. Owing to the great length of linear accelerators, an additional - ;o
radial focusing on the Principal section is necessary. In the first section pfbf
and in the injector this will be achieved by strong longitudinal magnetic -
fields. 1In the principal section radial focusing can be achieved by short - [

.~1000 oe/cm, or by a system of fcur-pole lenses. Both systems can reduce - :
the beam radius at the output of the accelerator to 0.5 cm. There are : .

'fWCard 2/2
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© AUTHORS s Akhiyezer, A. I., Faynberg. Ya. B. , g
-'I‘ITLEc | Theory ‘of ;he interaction of charged particles with an oleotron

bean in'a magnetic field

~ 30URCE: Teoriya i raschet lineynykh uakoriteley, sbornik statey. I-‘iz.-
. tekhn. inst. AN USSR. Ed. by T. V. Kukoleva. uoscow, :
Gosatomizdat,. 1962, 320 - 325

PRI S

i o

TBXT: This paper presents an estimation of the accelerating fields ocourring [

~ as; the result of the inverse Cherenkov effect and the inverse effect of o

’ po#),arization losses when a charged particle bunch moving in a longitudiml
magnetic field 3 is entrained by an eleotron besm. The space charge of the =

: beam is assumed to be compensated by poaitive ions.’ The field excited by the '
. particles is desoribed by Maxwell's equatione and by the equistions of motion
+ of the plasma particlea. The voluminous integral in the expression for the

energy losses d ¢ of the particle:is considerably simplified when the
x
- magnetic field is either vcry weak (V<& 1) or very strong.(v3>1):
Card 1/3
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i
s

ot s Wl (1—pt
A L

at{l? 641
and
de ¢

% e e

LI ]
respectively, q is the charge of the moving parfiole. The first term of f
these two formulas corresponds to the excitation of frequencies having the
order of magnitude S = 4Rn002/n. whereas the second term corresponds to the
excitation of frequencies whose order of magnitude is u)H(m - m. .
V= e /ncR p = I, For small values of V, (5) is not valid since the condi-
tion V> a% does not continue to apply. The quantity a = 1/k_unax is deter-

nined by the minimum parameter for remote collisions between the particles
and the electrons of the beam. The upper limit for the energy losses, ob-
tained by inserting the minimum value of the particle velocity V~aflin (5),

| Card 2/3 S
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is. not much ai‘tecteg by the magnetic field. A charged particle movi
parallel to an electron beanm (Vo) loses the energy:

de e V(v V,) Vinye ]
a =~ gy (v =va " (1 + ) - (10)

This particle loses énergy if V>V° and gains energy if V¢ Vo'. In an _ .
électron beam a bunch' practically behaves like a single particle if #/ ’
- >~ — ' (r) (r) : :
e;p&ik(rd-ri) v1. In thia case, k. b{")¢1 and & o1« (1),

(r imax

b y and bir are the longitudinal and parallel dimensions of the bunch

in a system where the bunch is at rest. The p'rojection of the field on the
direction in which the bunch moves remains below the limit Enx,\,-‘l}l, where

e e g e s

N

e b e
N is the number ofapar’qicleq‘ in the bunch, b is the greatest length-of the
bunch. This paper was composed in 1952, '

L
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" AUTHORS:. Faynberg, Ya. B., Kurilko, V. I.
| TITLE: On the theory of acceleration by means of the pressure of li'ght . i
. l

! SOURCE: Teoriya i raschet lineynykh uskoriteley, sbornik statey. Piz.—
S ) tekhn. inst. AN USSR._ Ed. by T. V. Kukoleva. Moscow,
Gosatomizdat, 1962, }26 - 332 : : )
. TEXTs The radlation of an osoillator producea a pressure that is o ' ﬁ f
A /(eZ/mc ) times as high as that produced by the radiation of a free .

charge. This is investigated in nonlinear approximation. The motion of a,
charge in the constant magnetic field Hz - Ho is studied under the actionf

of a plane polarized monochromatic wave Ex - Hy- Eocos(w t-kz) pro’pagatiné
along the constant magnetic field. Considering tha; £ &1 (true in most

cases that are important in practice) and { &« %#«1 (true in'clasaiéal
me

; consid;ration), and allowing for the radiation, the nonlinear equations of
' Card 1/4 : :
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motion for the particle lead to a slightly nonlinear equation for uk-dxk/ds,

, and in the case of steady motion to 5
h 1—b
_ 0=arclgm. (6)
L2 0t = a¥(] )2t y3 (] -} Q31
T'ﬁ"’b = a¥(l - b)*"%- y¥(l -} a?) .
;,.\ ) ) . . \7‘
for amplitude and phase, using the subastitution u =-a 8in v+h). For : ,
2 - o
%0 a formula is derived from (6) for v,/c leading to '
d [ =
== (v.Hlp = - eli'.,,p,:cos 07—- '
. _ .
-;Y..(l-—pl)eEov ' W(l —P)n&l, (9)

__;—(.l _p})y,ego_._}_. ., . %(l —p‘)'/.> 1.
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for the radiation pressure. Aoccording to these formulas the foroe of the
radiation pressure exerted on the ascillator as averaged over one period
cannot exceed eLo/Z, and tends toward the value following from the linear

theory if e(1- -8, ) 1/2 &?2Yy. These estimates apply if the acouracy of the

field is sufficient for a precise resonance. Avoiding the complex equations

of interaction, the most important properties of a bunch can be determined

from investigating a particle having the mass M=Nm and the charge zeNe. A f
bunch and a single oscillator furnish identical results if N $&1. With a :
bunch of that type resonance is achieved even if the field ia maeintained -

less acourately. The exact equations of motion considering the radiation
pressure, can, by averaging, be reduced to linear Eqs.

,;,, {1 — P2 “.,)ml.L_-)(l-_p,—'a’-’)cos'ro—va}? .
,L_j_u BT —p)cos b - (10)

(1 —B,)
&= (! "52"“’)"’{l—"(:m"f

"—-H(l——ﬂ,)sino}_
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‘AUTHOR Faynberg, Ya. B. ‘ lf
T AT T -

‘TITLEs Some problems of particle acceleration in a plasma -

SOURCEs Teoriya i raschet lineynykh uskoriteley, sbornik statey. Piz.- ;

tekhn. inst. AN USSR. kd. by T. V. Kukoleva. Moscow,
Gosatomi‘z.dat. 1962, 333 - 346 )

TEXTs The present paper bases mainly on a previous work of the author in - 4
Atomnaya .energiya, 6, ho. 4, 1959. Further development of accelerating .

méthods as worked out §y V. I. Veksler (Proc, Symp. CERN, 1, 80 (1956)) an§ - e
G., I, Budker (Proc. Symp. CERN, 1, 68 (1956)) for high energies and high £ L

cu'xjrents i very promising. The h-f power required in linear accelerators |
can be reduced considerably by concentrating the electromagnetic energy to
the range in which the accelerated particle is moving momentarily. S .
Accelerating fields of more than 200 - 300 kv/cm can be achieved only if . i x
the metallic surfaces in the accelerating system are removed either com- ST

pletely or at least to a great extent. To achieve a strong current, the !

radial and the phase stability must be high. The Doppler effect ocourring i
when e}actromgnetio waves are reflected from a moving plasma, and the Sy
Card 1/3 . R
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e SR O

interaction of a charged particle beam can be used to convert plasma energy -
into electromagnetic radiation. Plasma wave guides and non-compensated
beams allow the electromagnetic energy to be concentrated in systems that .
have a small cross section. ‘A confined plasma and uncompensated beams act
as wave guides with insignificant losses already at plasma densities as ‘low

as 109 - 101} cm-s.'vThe plasma wave guides are transparent to the particles »fL’ L
to be accelerated and permit simultaneously of both radial and phase ‘ S

stability without necessitating the use of additional fécusing means.
The condition of radial stability for an arbitrary shape of field is

. L L
' [ | VJ ak c e, Ol
=y (V= o) [ de b o] o p [ Sz >0,
l’ [] . . 0 ¥

tex LV

The E and H-waves that are present simultaneously in gyrotropic plasma wave
guides offer a means for a linear-cyclic acceleration. The aamplitude of ‘
the radial oscillations can be decreased considerably when the frequency is i
varied by a proper choice of the dielectric constants & &.2 and &,of the o
(anisotropio) plasma. Brillouin electron olouds have an additional focusing ’
' Card 2/3
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effect and behave liko wave guides for E waves propagating in the diracfion '

of the magnetic field. Henoe, Gabor electron lenses can be used for o

accelerating charged particles. The condition of radial focusing is then -
given by - _ .

. 7 " g . ‘ R : . V
M . v.1 :'"E;a * ul “’0 . .

The coherent energy losaes can be eliminated by increasing the plasma :
density and the wavelength of the accelerating field. In nonlinear approxi-
mation the phase velocity of the wave depends .on :the frequency and on the
vave amplitude. Hence, the phase velocity of the wave can be varied (up
to rather high values) by changing the amplitude of the acoelerating field.

]

N e

¢
1)
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o AUTHOR:  Zagorodnov, O, G., Faynberg, Ya. B., Yegorov, A. M., Kivshik, A. F.

o T VPO BN

TITLE: ' Reflection of electromagnetic waves from a moving plasr_né. Investigation
' ~of waveguide properties of a plasma B '

. :PERIODICALi Fizika plazmy { 'problémy upravlyayemogo termoyadérno‘go sinteza; doklady I i
' konferentsii po fizike plazmy { probleme upravlyayemykh termoyadernykh =~ . . |
-reaktaly. Fiz.-tech. inst. AN Ukr. SSR. Kiev, Izd-vo AN Ukr, SSR, 1962, 9-20,

TEXT: The first part of the article describes experiments on the reflection of slow electro-
magnetic waves from a moving plasma, aimed at asoertalning whether the frequency multi-
plication and increase in the reflected-wave amplitude attainable in the case of slow waves is
. sufficient to lead to the development of new methods of amplification of microwaves and ac-
- celeration in a plasma, and also to stabilize a plasma. Bince the Doppler shift in the frequenoy
- and the change in the amplituds of an electromagnetic wave reflected from a moving mirror
" can be made appreciable only by Increasing greatly the velocity of the reflecting surface or

" Card 1/4
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by changing the phase velocity of the wave in the space where the interaction takes place, and '
since it 1s not practical to obtain high physical mirror velocities (even when an electron o
beam or a plasma is used as a reflecting surface), the experiment was carrled out with an !
electromagnetic wave of a phase velocity slowed down to that of the reflecting plasma. The . !
~ slow-wave structure consisted of a helical waveguide comprising a porcelain tube 40 mm in :
diameter, with a helix made of copper wire 0.4 mm in diameter wound at a pitch of 0.8 mm. i
The experimentally measured phase velocity in the helix was vph/c = 1/200. A plasma .. o
piston was produced by discharging a 750 microfarad capacitor bank charged to 4.5 kV. At i
24.76 Mcs, the frequency of the reflectad wave was found to be increased by 11 per cent rela~ ;
tive to the incident wave, and when the phase velocity was decreased to 1/375 of the velocity
of light, the frequency increased by 20 per cent. The velocity of the plasma piston was cal-
culated to be v = 8.45 x 10° cm/sec. This effect can be used for amplification and generation . i
- of microwaves, acceleration of particles, and various measuremente in plasma and also to ;
increase the stability of a plasma. ' o o
The second part of the investigation was devoted to waveguide properties of plasma. A = i
plasma waveguide was produced by a high frequency discharge in a quartz tube 1600 mm long, .

Card 2/4’

AR

APPROVED FOR RELEASE: 08/22/2000 CIA-RDP86-00513R000412520009-8"



SR R

ARG PRI L Yt I T B Bt PR 73}%&3&!@i?}i&?}.}}'ﬁfﬁtiéilﬁ?ﬁEi.-"‘:f L'

"APPROVED FOR RELEASE: 08/22/2000 CIA-RDP86-00513R000412520009-8

3 8 e A T

e e e e e il e e e e+ e e e

—————— e

| 8/181/62/000/000/003/036
Reflection of electromngnetlc waves from , .. L

in which a vacuum of 7 X 10~ mm Hg was maintained. The plasma density in the waveguide N
could be varied up to 10" em=3, A slow electromagnetic wave of low power (on the order of - )
1 watt) at trequgncies from 150 to 2000 Mcs was excited in the plasma waveguide, and the re-
sultant phase velocity of the standing wave was measured as a function of the frequency for : l '
different plasma densities and for several values of longitudinal magnetic field. A study of 3
the dependence of the wnveguldé field intensity on the high-frequency power applied to the d
plasma (in the range from 100 to 1.5 kW) has shown this dependence to be non-monotonic, b
probably owing to resonance in the plasma column. Other quantities measured were the
radial dependence of the longitudinal component, the nonlinear diatortion of low-power signals
passing through the plasma wavegulde and the microwave losses in the plasma waveguide.

~ The acceleration in the plasma was investigated by means of a small model of a helical~
plasma accelerator. An analysis of the energy spectrum of the beam, made by electrostatic

- deflectfon, shows that the spectrum is quite broad and that a considerable fraction of the
electrons had the expected energy near 5.5 keV. Thia shows that the field is capable of pene=-
trating and reaching the axis of the plasma and that the electrons become accelerated. .

. K. D, Sinel’nikov is credited with suggesting one possible reason for signal distortion in the
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